Introduction

An electroless
NiP film with high P content more than 17at % is well known to use as a thin film resistor due to its amorphous state condi- 
Experimental
Bath composition and operating conditions for electroless NiP plating are shown in Table 1 . The film thickness was adjusted to 2.0 ,um. As the plating substrate, 96wt % a -alumina ceramics plate was used.
The resistivity, p, of deposit on the substrate was measured by a four-probe method.
The carbon content was determined by a combustion method. The phosphorus content was determined by ICP analysis.
To evaluate the thermal stability as the thin film resistors, the step stress test", which was developed by us, was used here.
A film resistor deposited on the substrate was patterned to form a resistor by using the photolithography technique. After applying the first current pulse for heating, the resistance of the sample was measured. Then, the next pulse, which was larger by a specified amount, was applied, and the resistance measured.
This process was repeated until the sample was destroyed due to melting or cracking.
The heat-treatment of the samples was carried out at 7 X10 _ 3 Pa for l hr.
Results and Discussion Figure 1 shows the results of the thermal step stress test for the electroless NiP and NiPC thin films in the as-deposited state and after annea- On the contrary, the NiPC of Film B under as-deposited condition, which had an extremely high p value of 5,404 ,u Q cm, changed in its resistivity after application of the power of only 2W. The decrease in resistance of Film A at 6W is caused by crystallization as discussed previously, and the temperature after application of 6W power to the NiP film is just corresponding to the temperature of 275°C4' 7'. The resistance change of Film B against the loaded pulse power started at very low power of 2W. In this case the change is not due to a change in crystalinity with considering the XRD (X-ray diffractometer) results already shown in Ref. (Received January 31, 1997 ; Accepted February 27, 1997) Table 2 The C content, P content and the p value of electroless NiP and NiPC films. 
